The early life history strategies of many marine species remain unknown primarily because cultivation has not been attempted or is intractable. However, researchers investigating dispersal and colonization strategies of marine vertebrates and invertebrates have long desired the capability to match eggs, early embryos and larvae collected in plankton tows to their origin species. These data would provide critical information to help in understanding dispersal patterns and planktonic longevity and to infer settlement strategies. This is particularly true in our area of interest in deep sea hydrothermal vents, where resident taxa appear to transit large distances to rapidly colonize nascent venting sites. In vent organisms, problems related to decompression appear to compound those common to culturing shallow water marine organisms. To date, none of the resident vent taxa have been cultured, making their early life histories essentially unknown.
Molecular hybridization and amplification methodologies now offer sufficient sensitivity and specificity to allow rapid identification of very small amounts of source DNA. The success of these experiments hinge on the efficient extraction and purification of DNA of the quality and quantity necessary for high temperature cycle amplification of specific diagnostic genes. The products of these amplifications must then be subjected to restriction analysis. The lipid-rich nature of newly spawned eggs and early embryos can greatly diminish the recovery of DNA and may leave residual components that inhibit polymerase chain reaction (PCR)-based amplifications and endonuclease digestion. Here we describe a modification of a commercially available protocol that allows the rapid extraction and purification of total nucleic acids from a single egg of a broad range of marine organisms.
The standard Isoquick ® Kit (Orca Research, Bothell, WA, USA) relies on the chaotropic properties of guanidine thiocyanate (1) and a proprietary nuclease-binding matrix for the isolation and purification of nucleic acids from a variety of cell types. In the standard protocols, cells are quickly lysed and cellular nucleases are inactivated by homogenization in the guanidine thiocyanate (GuSCN)-based lysis reagent. An organic-based extraction reagent, containing the matrix, is then added to the lysate. Centrifugation quickly provides the partitioning of an aqueous nucleic acid phase away from protein and other cellular contaminants retained by the organic matrix. With some modifi - Restriction analysis of each of the eight PCR amplification products. Each PCR product was digested using two restriction endonucleases, Hae III and Mbo I (Promega), each of which recognize a four-base pair restriction site. 5 µ L of each PCR were digested with 2.5 U of each enzyme in 1 × restriction buffer (5 mM Tris-HCl, 5 mM MgCl 2 , 25 mM NaCl, 0.5 mM dithiothreitol [DTT], pH 7.9) at 37°C for 2 h. The final reaction volume was 10 µ L. The entire reaction volume was electrophoresed through a 3% NuSieve ® agarose gel (FMC BioProducts, Rockland, ME, USA) in 1 × TAE (0.04 M Trisacetate, 1 mM EDTA) and resolved using a gel documentation IS-1000 Digital Imaging System™ (Alpha Innotech, San Leandro, CA, USA).
cation, this technique can efficiently extract and purify the DNA from extremely small samples such as the eggs, early embryos and larvae.
The method that we used for the extraction of nucleic acids from small marine invertebrate eggs was a scaleddown and modified version of that provided by the manufacturer. Single eggs were removed directly from host ovaries isolated into individual 0.6-mL microcentrifuge tubes with 10 µ L of STE buffer (50 mM Tris-HCL, pH 8.0, 100 mM NaCl, 5 mM Na 2 EDTA) and kept on ice. While on ice, 10 µ L of the lysis solution were added to each tube, and the solution was briefly vortex mixed. In all of the samples that we have tested thus far, this agitation has been sufficient to fully disrupt the eggs and embryos. However, tougher samples may require the use of a pellet pestle to produce the same results. Following disruption, the lysate was centrifuged at 200 ×gfor 1 min, and the supernatant was removed to a clean tube. The lysate was then allowed to sit at room temperature for 15 min. Next, 100 µ L of the extraction matrix and 50 µ L of the extraction buffer were added to the lysate. Each tube was vortex mixed briefly (10 s) to ensure complete mixing. The mixture was then incubated in a water bath at 65°C for 10 min. This step dramatically improved recovery of both DNA and RNA. The mixture was then centrifuged for 15 min at 12 500 × g at room temperature. The aqueous phase was carefully removed to a new tube, and the entire extraction matrix step was repeated. The aqueous phase was transferred to a new tube where the nucleic acids were precipitated with 2 µ L glycogen (20 mg/mL) as a carrier, 0.5 vol of ammonium acetate (7.5 M) and 2 vol of 95% ethanol. After an overnight incubation at 0°C, the sample was centrifuged for 30 min at 12 500 × g . The DNA pellet was washed in 70% ethanol, re-centrifuged, dried and resuspended in 10 µ L of the RNase-free water supplied by the manufacturer.
During the latter steps in the procedure, the pellets are often not visible except through a standard dissection microscope. Because of the small amount of nucleic acid obtained from each sample following purification, the extract concentrations were estimated by the ethidium bromide dot quantitation technique (3). Initially, 2-4 µ L of each extract was subjected to PCR using primers universal to the small subunit ribosomal RNA (18s rRNA), a gene commonly used in initial eukaryotic diagnostics (2) . For genus level identification, each of the PCR products have been subsequently digested simultaneously with two restriction endonucleases, Hae III and Mbo I, each of which recognizes a 4-bp restriction site.
The modified Isoquick extraction protocol presented here repeatedly yielded high-quality DNA and, in many cases, RNA from single eggs and early embryos from all of the marine invertebrates examined. Routinely, an extraction of a single egg in the 175-µ m range yielded 25-50 ng of nucleic acids. Figure 1 shows 8 single egg amplifications resulting from a template obtained using the Isoquick reagents. The eggs were collected from two vestimentiferan tubeworms ( Riftia pachyptila ) sampled from the Galapagos Rift site and from the Guaymas Basin vent site, three vesicomyid clams ( Calyptogena magnifica, C. pacifica and C. phaeseoliformis ), a vent mytilid bivalve ( Bathymodiolus thermophilus ) and a lucinid clam ( Lucinoma aequizonata ). In each case, 2 µ L of the final extract were used in the amplification. Subsequent restriction analysis performed directly on the PCR products ( Figure 2 ) were all successful resulting in clearly diagnostic banding patterns at the genus level. In the case of the vesicomyid clams ( C. magnifica, C. pacifica and C. phaeseoliformis ), restriction digests of the 18S rRNA amplification products were unable to discriminate at the species level. However, subsequent amplifications and restrictions of internal transcribed spacer (ITS) regions of the ribosomal operon from each of the vesicomyid clams provided the resolution necessary to distinguish at the species level (data not shown). These same protocols have been applied to the eggs of fish, sea urchins and shrimp with equal success.
This modified Isoquick extraction protocol appears ideally suited for species determination analysis of very small eggs and embryos. The noncorrosive extraction matrix appears to efficiently remove protein as well as lipids and other contaminants from the egg lysate. We have attempted similar extractions using several other commercially available kits as well as the more standard STET and PCR buffer-based boiling protocols commonly used for the quick extraction of small samples of bacteria. In general, the results from these techniques were inconsistent and often resulted in poor amplifications and/or inhibition of the restriction endonucleases. Without exception, the Isoquick technique consistently provided the quality of nucleic acids suitable for PCR and subsequent restriction analysis. The method is simple, rapid and extremely cost-effective providing the high throughput often demanded by these types of screening studies. Although not yet attempted in my laboratory, the method appears well-suited for adapting to a 96-well titer format.
